This research paper outlines three analytic tools utilized in the analysis and interpretation of LibQUAL+™ quantitative data.
Introduction
Who are our customers? What do they want and need? How do they perceive their library? Which services should the library prioritize? The popular and widely used LibQUAL+™ instrument, a standardized web-based questionnaire, is designed to measure patrons' perceptions and expectations of library service quality to answers these and other questions. Although there are some advantages in using the information found in the customized notebook supplied by LibQUAL+™, one of the crucial disadvantages is that the analysis and findings are limited.
Issues unique to a particular library have prompted some institutions to collect additional data through follow-up surveys, interviews, or focus groups to supplement the information provided in the notebook (e.g. Crowley and Gilreath, 2002; Dole, 2002; Haricombe and Boettcher, 2004; Sessions et al., 2002; ) . However, additional data collection is costly and time consuming and should only occur after existing data have been sufficiently analyzed. Much can be learned by simply conducting an analysis of the quantitative data that is above and beyond that provided by LibQUAL+™. Similarly, an analysis of patterns found in the qualitative comments of respondents collected by the LibQUAL+™ instrument is revealing and should also be used to inform strategic plans (see Dennis and Bower, 2007) .
Another disadvantage was realized when we created a number of preliminary reports to describe the performance of our library in which we used the scores provided in our LibQUAL+™ notebook in conjunction with the analytic and presentation techniques found in the literature. Our stakeholders frequently expressed confusion when trying to understand the findings and the resultant confusion negatively impacted the strategic planning/agenda setting process. We found that the use/presentation of two or more of the scores found in the notebook does not make the data easily useful for those appointed to analyze LibQUAL+™ data. Furthermore, the use of multiple scores does not make the data more understandable for stakeholders or the larger university community. In short, if stakeholders do not understand findings then they cannot properly plan for or take the appropriate actions to address service issues, for understanding the needs of the library is a necessary component of the strategic planning process.
As a result of the difficulty for stakeholders to determine and comprehend performance level from the multiple scores provided by LibQUAL+™, and the need for a more thorough analysis, we are able to report on three analytic tools we utilized in our analysis, interpretation, and presentation of our 2004 LibQUAL+™ quantitative data. We discuss the use of a single score, the D-M score, which allows stakeholders to easily interpret and integrate LibQUAL+™ survey results. This score, guided by theory, integrates all three scores by placing patrons' perceptions of service quality in the context of both minimum and desired expectations. In other words, in congruence with the design of the LibQUAL+™ survey instrument, this statistic also "uses a 'gap measurement' protocol to frame user perceptions" (Thompson et al. 2000, p. 165) . We also compare methods used to ascertain the relative value or preference of the services provided by the library. And, we discuss expanding the use of cross-tabulations to learn about various user groups not included in the LibQUAL+™ analysis/notebook. We conclude with a discussion on how we used these three tools to concisely present findings to stakeholders. However, before moving into the discussion we provide a picture of our sample and briefly discuss the LibQUAL+™ survey instrument.
Sample Profile and Instrumentation
We use the 2004 LibQUAL+™ data for Western Michigan University (WMU) to present a practical guide describing our analysis and the subsequent dissemination of results. When we administered the survey at WMU we worked to ensure a good response rate by using multiple email contacts that explained the benefits of the survey and requested participation.
We also offered incentives (prizes) to participate. As a result, we were able to analysis data collected from 1,625 respondents consisting of 288 Faculty members, 387 Graduate Students, and 950 Undergraduate Students from WMU [1] . Among the respondents there were 873 (53.7%) females and 752 (46.3%) males. The majority (71.68%) of the respondents was between the ages of 18 and 30; yet nearly half, 49.5% (805), of the respondents were between the ages of 18 and 22. However, to analyze the data by user group, discipline, gender, etc. and make meaningful comparisons, it is imperative to obtain large enough samples to draw solid conclusions [3] . Generally speaking, a sample size of about 400 randomly selected individuals is sufficient to estimate the characteristics of the population of interest (sampling error ±5%). Don Dillman (2000, p. 207) provides an excellent table that is helpful in determining necessary sample size.
Library patrons surveyed were asked through the web-based LibQUAL+™ instrument to evaluate service quality. The 27 items from our LibQUAL+™ data set utilized in the quantitative analysis include the 22 core items and 5 items selected from the list of available 'custom local' questions.
The 27 service quality items were measured using a Likert-type scale of "service level" that ranged from 1 (low) to 9 (high). Respondents were asked to provide three responses to each of the 27 survey items: (1) the Minimum level of service that the respondent would expect; (2) the Desired level of service the respondents personally want; (3) the Perceived level of service quality that respondents believe our Library currently provides.
The LibQUAL+™ instrument requires respondents to provide a perception of service score in the context of two expectation scores for the service items found on the questionnaire. The expectations of customers range from the minimum level of acceptable service quality to the level of service quality desired; this range is known as the zone of tolerance (Zone). The difference between the mean perceived (PER) score and the mean minimum (MIN) score is known as the adequacy gap (ADQ), while the difference between the mean perceived score and the mean desired (DES) score is known as the superiority gap (SUP).
Our Needs and Solutions
In the following pages we outline the needs encountered during our Table II provides an example to demonstrate how the use of any one or all of the LibQUAL+™-provided scores was found to be confusing and in some cases misleading by our stakeholders. Our conclusion of a similar level of performance for these two items in Table II was not obvious to stakeholders when they examined the scores;
especially since sizeable differences in these scores were evident. Nearly all stakeholders concluded, after reviewing the scores (MIN, DES, PER, ADQ and SUP), that the library is performing the "Employees who are consistently courteous" item better because four of the five mean scores are larger. It appeared that while the WMU LibQUAL+ TM team understood gap theory, the constructs of disconfirmation theory (see Cook 2003, p. 2622) , and the three-tier scoring format used to assess the quality of services delivered, most of our colleagues and strategic stakeholders did not understand how to interpret and integrate the multiple scores for each service item.
A number of stakeholders made reference to the literature and asked why we did not just use the superiority gap scores to assess services and inform strategic plans, others asked about the use of only the perceived scores, and a few asked about only using the adequacy gap scores to convey quality of service. Our response came in two parts. First, we informed the stakeholders that our examination of the literature revealed confusion and inconsistency both among and even within reports. Some researchers presented and compared only the perceived scores of items without considering the expectation scores (e.g. Hutchingham & Kenney, 2002; Sessions et al., 2002; Wei et al., 2005) , others present multiple scores to explain data (e.g. Dole, 2002) , while others compared either adequacy gap or superiority gap scores with out mentioning the other scores (e.g. Cook et al. 2003; Sessions et al., 2002) . In short, using the methods presented in the literature necessarily resulted in the frequent use of multiple statistics and was, in many cases, cumbersome to report and interpret.
Second, and most importantly, we emphasized that many of the methods used to analyze LibQUAL+™ data were inconsistent with the theoretical foundations the questionnaire was based upon. We stressed that to fully understand the level of service quality as measured by the LibQUAL+™ instrument we either have to concurrently take into account all three measures of service quality; minimum, perceived, and desired levels of quality were given in the context of one another. Or, we need to simultaneously take into account the two gap measures, superiority and adequacy gap. We cannot use only one of the gap scores because the score only gives a portion of the picture.
To better explain what is meant by a 'portion of the picture' we found that a travel analogy worked well. If one wishes to evaluate their travel progress, they would need to take into account where they started from, where they are currently located, and the destination of interest. Of course, we could determine the distance from the starting point to our current location as well as from our current location to the destination, but neither provides a full picture when used alone. Determining that we are 120 miles from our starting point tells us very little about our progress toward the destination. Just as determining that we are 200 miles from our destination gives us inadequate information to determine our distance traveled thus far. We need to take into account all scores to fully understand where we are; we must place our current location within the context of our starting point and the desired destination.
The same principles hold for analyzing data from the LibQUAL+™ instrument.
In addition to stressing theoretical concerns, we also informed our patrons that most analytic methods utilized in the literature conflict with how the instrument was designed and responded to by participants. We used the LibQUAL+™ survey instrument itself to clearly demonstrate to stakeholders that the design of the questionnaire required patrons to place current perceptions of service quality within a range of minimum and desired expectations. In other words, the LibQUAL+™ instrument "uses a 'gap measurement' protocol to frame user perceptions" (Thompson et al. 2000, p. 165, ital. added). This process, "so essential for measuring perceptions of service quality" (Cook et al. 2003, p. 38 ) is reflected in the instructions on the questionnaire which require respondents to "EITHER rate all three columns OR identify the item as N/A (not applicable)" In sum, we informed our stakeholders that although commonplace in the literature, the use of only one of the provided scores (including gap scores) does not provide a full account of our patrons' assessment of service quality.
We, therefore, found it necessary to develop a different technique for examining data and presenting findings, one that is consistent with the theoretical foundations LibQUAL+™ is based upon and one that is methodologically appropriate. We also found it necessary that this technique aids in alleviating the difficulties and confusion stakeholders encounter when attempting to determine a performance level from examining the multiple scores provided by LibQUAL+™ (see Table II ). In such an endeavor it is essential to bear in mind that a data collection method and the theory it is based upon always dictates the type of analytic tools appropriate for analysis, otherwise misleading findings and conclusions regularly result. The advantages of an assessment tool that is grounded in theory, such as LibQUAL+™, can only emerge if the analysis is also well grounded.
In the creation of the single score, we were guided by the assertion of Zeithaml et al. (1990, p. 19 ) that "judgments of high and low service quality Now to answer the question, 'which of the services in Table II is the library performing better?' we turn to Table III Each library will need to set standards for interpreting the D-M scores.
Keeping in mind that a score of 50 is the midpoint in the zone of tolerance or half way between the minimum and desired levels of service, we decided that 
Need # 2
In addition to developing a theoretical and methodologically appropriate analytic tool for the assessment of service quality, the stakeholders at WMU asked that we identify which items were most (and least) preferred/valued. There are a variety of methods that were used for ranking service items presented in the literature. As we found with the analytic methods utilized, there is also inconsistency in the use of these ranking methods; the rationales for the use of these methods for assigning value or importance was also either lacking or nonexistent. We decided that a ranking system, our second tool, would help identify the relative importance/value/preference of the service items. We used a practical approach to determine the relative value of the services provided by the library. The worth of assigning relative value to service items is apparent; it shows the importance of given services from the perspective of our patrons.
Understanding the perspectives of patrons and the value they place on services is fundamental to the formation of practical strategic plans.
Solution # 2: Item Value Ranking
Examination of the literature provided numerous examples of how to determine the value of service items. Sessions et al. (2002, p. 61) , for example, determined the "most valued items on the survey" by using a number of methods. They used perceived level of service in one case while in another the adequacy gap scores were used to determine service item desirability. In yet another case they use the superiority gap to rank items. Lessin (2004) , however, used a methodologically conscious and consistent method that combined means scores to determine the rank value of service items. Lessin averaged the summed minimum and the desired mean scores for each item and then ranked the items with the highest mean being most valued.
We also believe it appropriate and necessary to use both expectation scores (minimum and desired scores) in assigning relative value to a service item. Instead of using the technique used by Lessin (2004) , we ranked the minimum and desired mean scores independently and then averaged the rankings (not the means) for each item to determine the relative value of the service item. The idea of averaging the independent rankings of each expectation score came about by drawing on our experience with athletics. In many sports the value of a player is based on their performance on a variety of separate tasks (e.g. for baseball: homeruns, batting average, and runs batted in-RBI).
To ascertain the relative value or preference of the services provided by the Library the minimum mean scores of the 27 items were rank ordered (See Table IV ). The item with the highest mean score received a rank score of "1" while the item with the lowest mean score received a rank score of "27".
Next, the desired mean scores for each of the items were rank ordered in the same fashion. The two rank scores for each item were summed and then divided by two in order to acquire an overall rank score that range between 1 and 27; a service item with a value rank score of 1 is valued the most while a service item with a score of 27 is valued the least.
Relative Value Formula:
(Minimum Rank score + Desired Rank score) / 2 = Overall Rank Score
The final step is to rank the items based upon the overall value rank scores, the item with the lowest overall rank score was assigned an item value rank score of 1, the second lowest overall rank score a rank of 2, and so on. In some cases, two or more items will have identical overall rank scores and will therefore receive identical item value rankings. Table IV illustrates the various scores as well as provides examples of items with identical overall rank scores.
For the sake of comparison, we also calculated the relative value of items using the technique outlined here and the one used by Lessin (2004) . Table IV has two columns under "Item Value Rank" with 'BD' representing the rankings from the approach outlined above and the column headed 'L' contains the rankings using Lessin's approach (the column labeled 'Lessin' is the average mean score using his technique). Although we found some minor differences in the value rankings for some items, we encourage the use of either technique because they use both expectation measures (MIN and DES) to determine the relative value of an item. It is important to keep in mind that this and other methods merely attempt to rank service items and do not attempt to measure item 'value' absolutely. Therefore, caution must be used in giving too much weight to differences between value rankings that are close to one another. The rankings should be viewed as approximations; the further apart the items are from one another (e.g. items ranked #3 and #9) the more assured you can be that one item is actually valued more than the other. Conversely, items with relative value rankings that are close should not be considered different from one
another. These item rankings may be presented independently or they may accompany other statistics, such as the D-M score. All things considered, the item value rankings enabled us to determine the service items that are the most and least valued by our patrons overall and, when the sample size was appropriate, by constituent groups of interest.
Need # 3
Our stakeholders also asked that we provide a more detailed picture of how our library is serving particular constituent groups. Although the LibQUAL+™ notebook contains findings for the major groups on campus, it does not contain results for many of the groups of interest. Having the ability to identify in greater detail who is and who is not being served well by our library allowed our strategic plans to be developed and implemented with greater precision. However, to analyze the data by user group, discipline, gender, etc. and make meaningful comparisons, it is imperative to obtain large enough samples to draw solid conclusions Solution # 3: Expanding Cross-Tabulations
The third tool we used is an expansion of the cross-tabulation method used by many institutions in their analyses. McCord and Nofsinger (2002) utilized cross-tabulations to examine the assessment of service quality by user type (or user group), frequency of use, library used most often, and campus affiliation to gain more detailed information about their patrons. As long as the sample size is appropriately large enough for the constituent groups of interest, the analysts can easily acquire more detailed information by using a 'split-file' function in combination with other methods of data analysis, such as cross-tabulations. In short, the benefit in using the split-file function is that we are able to easily obtain the same type of information for each constituent group thereby revealing a more comprehensive picture of our patrons' usage patterns.
If a stakeholder wants cross-tabulations for an assortment of constituent groups the analyst does not need to run a cross-tabulation for each group. We found the use of the 'split-file' function in the Statistical Package We developed a demographic and usage profile of our patrons using a combination of the cross-tabulation and the split-file functions. The crosstabulation presented in top portion of Table V provides a good amount of information about overall usage patterns. Although we split the file by user group to examine library usage patterns of faculty, graduate students, and undergraduates, we only included graduate students in Table V for demonstrative purposes. We defined a frequent user as a patron that utilizes library services, either on the premises or through the library web page at least once per month and more than once per month through the other avenue.
Patrons that use the services on premises once per month (or less) and use the services offered via the web page once a month (or less) are deemed infrequent users. Selective users are patrons that use one of the two service avenues more than once per month while using the other less than once per month. Such delineation of groups by usage patterns allows for a more concise analysis resulting in more focused efforts to improve quality of services. The needs of our stakeholders also dictated that we split the data file by other demographic variables to examine such things as the usage patterns of each discipline, each gender, each age group, and so on. Having the ability to identify in greater detail who is and who is not being served well by our library allowed our strategic plans to be developed and implemented with greater precision.
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The examination of the quality of service for the graduate students can be focused even further by expanding cross-tabulations. Respondents within a constituent group can be compared to the group at large and other constituent groups to determine if particular groups are being underserved. Examination of the Social Science/Psychology discipline, for instance, indicates that these graduate students are receiving a higher quality of service compared to graduate students as a whole. However, graduate students that frequently use library service have scores for most services that were much lower than the other groups. Nonetheless, when examining the 'Library as Place' items we are able to determine that graduate students in the Social Science/Psychology discipline receive a great deal better service for these items than graduate students in general.
Such detailed comparisons are informative, valuable, and warranted when conducting an analysis to be used to develop strategic plans; strategic plans can be tailored so that they focus on improving service for groups inadequately served. Regardless of the standards a particular library sets for interpreting and acting on its own set of scores, the ability to determine which plans are working and which are in need of alteration is vital. If the ultimate goal is to implement tactics that actually improve the quality of service, then libraries should remember to set achievable goals when trying to improve a service.
Conclusion
The tools that we presented in this paper allowed us to extend and deepen the analysis beyond that provided in the LibQUAL+™ notebooks.
The three methods (D-M scores, value rankings, and split-file crosstabulations) allowed us to (1) determine how well we are performing services in relation to the expectations of our patrons, (2) evaluate the relative value of each service item, (3) make internal comparisons of service performance among the various user groups at WMU, and (4) In sum, we believe that the use of the tools discussed above will help analysts develop an enhanced understanding of the quality of services provided by a library. The three tools helped us to analyze and convey the state of library services to stakeholders in a format that was easily comprehended; stakeholders were able to interpret the library's performance in its proper context without difficulty. Finally, we believe these tools will be invaluable in the development and assessment of prospective and existing strategic plans. 3. The LibQUAL+™ questionnaire is a hosted on a website and solicitations for participation are sent via e-mail. Email invites carry with them minimal cost for multiple contacts. Therefore, we suggest using at least 3 contacts. Further, if your college or university has a small population, then it may be advantageous to offer everyone an opportunity to participate. Remember, one of the main reasons we sample is because polling the entire population would be too costly. Technology in the shape of email invitations and web-based questionnaires remove much of the cost associated with survey research and therefore allows researchers to request data from an entire population with minimal to no additional expense. For more information on web-based surveys see Dillman (2002) .
